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(54) Optical information recording device and method 



(57) A laser light beam generated from a light source 
is divided by a diffraction grating into a plurality of light 
beams, i.e., a single main beam (12) to be used for 
recording information and plural auxiliary beams (141, 
142; 151, 152) distributed on two imaginary straight lines 
(131 , 132) crossing each other. One of the straight lines 
extends parallel to tracks (1 1 ) of a recording medium (9). 
The resultant divided beams are converged to be irradi- 
ated onto a recording medium (9), and reflected compo- 
nents, from the recording medium (9), of the beams are 
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received by corresponding light receiving elements. 
Thus, the main and auxiliary beams (12, 141, 142) dis- 
tributed on one (131) of the two imaginary straight lines 
(131, 132) are used to perform focusing and tracking. 
Further, one of the two auxiliary beams (151, 152) dis- 
tributed on the other straight line (1 32) are used to deter- 
mine whether a track (11) where information is to be 
recorded is a blank area or not, and the other of the aux- 
iliary beams (1 51 , 1 52) is used to verify whether the infor- 
mation has been recorded correctly. 
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Description 

The present invention relates to a method and 
device which are applied to an apparatus where an opti- 
cal head and a recording medium reciprocate relative to 
each other to record and reproduce desired information 
onto and from the medium, for determining whether or 
not a specific portion of the medium where information 
is to be recorded is a blank area having no information 
recorded thereon (i.e., whether or not the specific portion 
is available for recording information), and also relates 
to a method and device for verifying whether or not infor- 
mation recording has been performed correctly on a spe- 
cific portion of a recording medium (i.e., the propriey of 
the recorded information). 

To newly record information onto a write-once type 
optical information recording medium such as an optical 
card, a specific portion (track) of the medium where the 
information is to be recorded (i.e., a track to be used for 
recording information) must of course be a blank area 
having no information recorded thereon, and thus it is 
necessary to determine in advance whether the track is 
a blank area or not. Such a determination as to whether 
the track to be used for recording is a blank area or not 
has conventionally been performed in the art by reading 
out predetermined information registered in a directory 
area. 

Further, after information has been recorded on the 
recording medium, It is necessary to ascertain or verify 
whether the information recording has been performed 
correctly. To this end, it has been customary, as typically 
disclosed in Japanese Patent Laid-open Publication No. 
55-1 2221 6, to perform information recording only during 
the forward travel, in a relative reciprocating movement, 
of the recording medium and then perform information 
reproduction only during the backward travel of the 
recording medium so as to verify the propriety or correct- 
ness of the newly recorded information. 

However, the first-mentioned approach of determin- 
ing whether a portion of the recording medium where 
information is to be recorded is a blank area or not by 
reading out information registered in the directory area 
is not satisfactory in that it involves an extra readout 
determination operation associated with the readout of 
the registered information, thus requiring a considerably 
long time in determining the availability of that portion. 

The second-mentioned approach of verifying the 
propriety of the newly recorded information during the 
backward travel of the recording medium is also disad- 
vantageous in that it provides poor recording efficiency 
and is time consuming, because information recording 
is permitted only during the forward travel. Further, 
because the verification of the recorded information is 
performed by reproducing the recorded information in 
the direction opposite to the information recording direc- 
tion, an extra circuit is required for reversing the time 
series of the reproduced information or information to be 
recorded. 



It is therefore an object of the present invention to 
provide an optical information recording device and 
method which permit a simple and prompt determination 
as to whether a specific portion of a recording medium 

5 to be used for recording information is a blank area or 
not with no need to read out predetermined information 
registered in a directory area. 

It is another object of the present invention to provide 
an optical information recording device and method 

10 which permit information recording and subsequent ver- 
ification of the recorded information during either forward 
travel or backward travel, in a relative reciprocating 
movement, of a recording medium to thereby achieve 
highly enhanced recording efficiency and substantially 

is shortened recording time, and which also eliminate a 
need to reverse the time series of reproduced informa- 
tion or information to be recorded. 

An optical information recording device in accord- 
ance with a first aspect of the present invention com- 

20 prises a section for irradiating a recording light beam 
onto a track where information is to be recorded, char- 
acterized in that the device further comprises a section 
for irradiating a reproducing light beam onto the track 
before the recording light beam, and a section for, on the 

25 basis of a reproduction signal resulting from irradiation 
onto the track of the reproducing light beam, determining 
whether the track is a blank area having no information 
recorded thereon. 

In the optical information recording device thus 

30 arranged, when the recording light beam accesses a 
track for recording information, the reproducing light 
beam is irradiated onto the same track prior to irradiation 
of the recording light beam, and whether or not the track 
is a blank area is determined on the basis of a reproduc- 

35 tion signal resulting from the reproducing light beam irra- 
diation. With this feature, it is allowed to promptly 
determine in real time whether the track is a blank area 
with no need to read out track information registered in 
a directory area. 

40 An optical information recording device in accord- 
ance with a second aspect of the present invention com- 
prises a section for irradiating a recording light beam 
onto a track where information is to be recorded, char- 
acterized in that the device further comprises a section 

45 for irradiating a reproducing light beam onto the track 
after the recording light beam, and a section for, on the 
basis of a reproduction signal resulting from irradiation 
onto the track of the reproducing light beam, verifying 
propriety of information recorded on the track by use of 

so the recording light beam. 

In the optical information recording device thus 
arranged, when the recording light beam accesses a 
track for recording information, the reproducing light 
beam is irradiated onto the same track after irradiation 

55 of the recording light beam, and the propriety or correct- 
ness of the information recorded on the track by use of 
the recording light beam is verified on the basis of the 
reproduction signal resulting from the reproducing light 
beam irradiation. Accordingly, while recording informa- 
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tion onto the track, it is allowed to immediately verify 
whether the contents of the information having just been 
recorded is correct or not, and thus it is not necessary 
for the optical head to make a reciprocating (for- 
ward/backward) movement relative to the same track for 5 
the purposes of recording and reproduction (verifica- 
tion). Namely, in a single reciprocating movement of the 
optical head relative to a recording medium, recording 
and reproduction (verification) for one track can be per- 
formed during the forward travel, and recording and w 
reproduction (verification) for another track can be per- 
formed during the backward travel. This achieves highly 
enhanced recording efficiency and can substantially 
shorten the total time necessary for recording. In addi- 
tion, because the reproduction operation for verifying the 15 
recorded information is done in the forward direction, 
there is no need to provide a special circuit etc. for revers- 
ing the time series of reproduced information or informa- 
tion to be recorded. 

The features of the devices according to the first and 20 
second aspects may be combined for combined advan- 
tageous results. That is, an optical information recording 
device in accordance with a third aspect of the present 
invention may comprise a section for irradiating a record- 
ing light beam onto a track where information is to be 25 
recorded, characterized in that the device further com- 
prises a section for irradiating a first reproducing light 
beam onto the track before the recording light beam, a 
section for, on the basis of a reproduction signal resulting 
from irradiation onto the track of the first reproducing light 30 
beam, determining whether the track is a blank area hav- 
ing no information recorded thereon, a section for irradi- 
ating a second reproducing light beam onto the track 
after the recording light beam, and a section for, on the 
basis of a reproduction signal resulting from irradiation 35 
onto the track of the second reproducing light beam, ver- 
ifying propriety of information recorded on the track by 
use of the recording light beam. 

Further, an optical information recording method in 
accordance with the present invention comprises the 40 
steps of irradiating a recording light beam onto a track 
where information is to be recorded, irradiating a repro- 
ducing light beam onto the track before the recording 
light beam, then determining, on the basis of a reproduc- 
tion signal resulting from irradiation onto the track of the 45 
reproducing light beam, whether the track is a blank area 
having no information recorded thereon, and then 
recording the information onto the track by use of the 
recording light beam when it is determined that the track 
is a blank area, but causing the recording light beam to so 
access another track when it is determined in the step of 
determining that the track is not a blank area. 

An optical information recording method in accord- 
ance with another aspect of the present invention com- 
prises the steps of irradiating a recording light beam onto 55 
a track where information is to be recorded, irradiating a 
reproducing light beam onto the track after the recording 
light beam, then verifying, on the basis of a reproduction 
signal resulting from irradiation onto the track of the 



reproducing light beam, the propriety of information 
recorded on the track by use of the recording light beam, 
and re-recording the information when it is determined 
in the step of determining that the information recorded 
on the track is improper. 

In one embodiment of the present invention, a laser 
light beam generated from a light source is divided by a 
diffraction grating structure into a plurality of light beams, 
i.e., a single main beam to be used for recording infor- 
mation and plural auxiliary beams distributed on two 
imaginary straight lines crossing each other. The result- 
ant divided beams are irradiated onto a recording 
medium, and respective reflected components, from the 
recording medium, of the beams are received by corre- 
sponding light receiving elements. Thus, the main and 
auxiliary beams distributed on one of the two imaginary 
straight lines are used to perform focusing and tracking. 
On the other hand, of the light beams distributed on the 
other of the two imaginary straight lines, the auxiliary 
beam preceding the main beam in the direction of their 
relative movement to the recording medium are used to 
determine whether a track where information is to be 
recorded is a blank area or not, and the auxiliary beam 
succeeding the main beam is used to verify whether the 
information has been recorded correctly. 

In one preferred embodiment, the laser light beam 
generated from the light source is divided by the diffrac- 
tion grating structure into a single main beam and four 
auxiliary beams which are distributed on two straight 
lines crossing each other, with two auxiliary beams on 
each of the lines. These beams are converged and irra- 
diated onto the recording medium, and reflected compo- 
nents, from the recording medium, of the main and 
auxiliary beams are received by plural (say, eight) light 
receiving elements. The main beam converged and irra- 
diated onto the recording medium is used to record infor- 
mation and perform focusing based on the conventional 
astigmatism technique, and the two auxiliary beams dis- 
tributed on one of the imaginary straight lines are used 
to perform tracking based on the conventional three- 
beam technique. The two auxiliary beams distributed on 
the other imaginary straight line are irradiated onto an 
information recording track with a predetermined interval 
or space, so that one of the two auxiliary beams preced- 
ing the main beam in the direction of the beams' relative 
movement to the recording medium are used to deter- 
mine whether a track where information is to be recorded 
is a blank area or not, and the other auxiliary beam suc- 
ceeding the main beam is used to verify whether the 
information has been recorded on the track correctly. 

For better understanding of the above and other fea- 
tures, the preferred embodiments of the present inven- 
tion will be described in detail below with reference to the 
accompanying drawings. 

In the drawings: 

Fig. 1 is a schematic side view showing an example 
structure of an optical head used in an embodiment 
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of an optica) information recording device according 
to the present invention; 

Fig. 2 is a plan view shewing, in connection with a 
case where the three-beam technique is employed 
for tracking, an example arrangement of plural con- 
verged light beams irradiated from the optical head 
of Fig. 1 onto a recording medium; 
Figs. 3a to 3c are plan views showing an example 
of a diffraction grating structure used in the optical 
head of Fig. 1; 

Fig. 4 is a plan view showing an example arrange- 
ment of plural elements of a light receiving unit used 
in the optical head of Fig. 1 ; 
Fig. 5 is a circuit diagram of an example circuit for 
synthesizing or switching output signals from the 
light receiving elements of Fig. 4; 
Fig. 6 is a graph explanatory of a case where the 
intensity of the converged light beam to be irradiated 
onto the recording medium is varied in accordance 
with information to be recorded; 
Fig. 7 is a block diagram illustrating an example 
structure of an improved circuit which, even where 
the output signal levels of the light receiving ele- 
ments fluctuate with variations in the light beam 
intensity according to the information to be recorded; 
Fig. 8 is a plan view showing, in connection with a 
case where the push-pull technique is employed for 
tracking, an example arrangement of plural con- 
verged light beams irradiated from the optical head 
of Fig. 1 onto the recording medium; and 
Fig. 9 is a plan view showing an example arrange- 
ment of the light receiving elements in the case 
where the push-pull technique is employed for track- 
ing. 

Fig. 1 shows an example structure of an optical head 

1 for use in an optical information recording device and 
method in accordance with the present invention. In this 
example, the conventional astigmatism technique is 
employed for focusing, and the conventional three-beam 
technique is employed for tracking. In Fig. 1 , a divergent 
laser light beam 3 generated from a semiconductor laser 

2 is converted through a collimating lens 4 into a colli - 
mated light beam 5 and then divided through a diffraction 
grating structure 6 into a plurality of light beams. The plu- 
ral light beams pass through a beam splitter 7 and con- 
verged through an objective lens 9 to be irradiated onto 
a recording medium 9. The recording medium 9 is, for 
example, an optical card. 

As best seen in Fig. 2, the recording area of the 
medium 9 is composed of guide tracks 10 for guiding the 
light beams in such a manner that the beams are irradi- 
ated onto a same track at a time, and information record- 
ing tracks 1 1 each disposed between the guide tracks 
10. Normally, information is recorded in the form of "pits" 
along the center of the recording track 1 1 . 

As typically shown in Fig. 2, in the embodiment of 
the present invention, the plural light beams irradiated 
from the optical head 1 onto the recording medium 9 



include a converged main beam 1 2, a first set of two con- 
verged auxiliary beams 141 and 142 distributed on one 
of two imaginary straight lines 131 and 132 crossing 
each other at a point of the main beam 1 2, and a second 

5 set of two converged auxiliary beams 151 and 152 dis- 
tributed on the other imaginary straight line 132. In this 
example, the imaginary straight line 132 extends parallel 
to the information recording tracks 11, while the imagi- 
nary straight line 131 is inclined with respect to the line 

w 1 32 at a predetermined skew angle 8t. 

The diffraction grating structure 6 for dividing the col- 
limated light beam 5 into the plural light beams may, for 
example, comprise two glass plates each having a pre- 
determined diffraction grating half 61 or 62 as shown in 

is Figs. 3a and 3b, which are superposed on each other to 
form a diffraction grating 63 as shown in Fig. 3c. Alter- 
natively, the diffraction grating structure 6 may comprise 
a single or integral glass plate having two grating halves 
to form a diffraction grating 63 as shown in Fig. 3c. 

20 The collimated light beam 5 passes through the dif- 
fraction grating 63 of Fig. 3c, with one half of the beam 
5 through the grating half 61 and the other half of the 
beam 5 through the grating half 62 (i.e., with the center 
of the beam 5 coinciding with the boundary between the 

25 grating halves 61 and 62). Thus, the collimated light 
beam 5 passed through the grating half 61 is divided into 
the main beam 12 and two auxiliary beams 141 and 142 
(although, in effect, the light beam 5 is divided into mul- 
tiple beams from first-order to high-order diffracted light, 

30 only the first-order diffracted light is described here), 
while light beam 5 passed through the grating half 62 is 
divided into the main beam 12 and two auxiliary beams 
1 51 and 152. In this case, the skew angle 6t between the 
two straight lines 131 and 132 is determined by an angle 

35 et between the gratings 61 and 62, and the spacing or 
interval between the two auxiliary beams 141 and 142 
and between the two auxiliary beams 151 and 152 are 
determined by the interval between the grating grooves 
in the corresponding grating halves 61 and 62; that is, 

40 the narrower the grating groove interval, the wider 
becomes the auxiliary beam interval. 

The main beam 12 converged and irradiated onto 
the recording medium 9 is zero-order diffracted light of 
relatively great light power and is used for the purposes 

45 of information recording and reproduction and focusing 
based on the conventional astigmatism technique. The 
two auxiliary beams 1 41 and 1 42 positioned on the imag- 
inary straight line 131 extending at the angle et with 
respect to the information recording track 1 1 is used for 

50 the purpose of tracking based on the conventional three- 
beam technique using, for example, adjacent two guide 
tracks 10 as the tracking basis. The astigmatism and 
three-beam techniques are commonly known in the art 
and therefore will not be described in detail herein. The 

55 other two auxiliary beams 1 51 and 1 52 positioned on the 
other imaginary straight line 1 32 extending parallel to the 
information recording track 11 is used for information 
reproduction intended for determining whether or not the 
recording track 1 1 is not blank, i.e., has any information 
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recorded thereon, and, if so, verifying whether or not the 
information has been recorded correctly (i.e., the propri- 
ety of the recorded information). 

In such a case where the relative movement of the 
optical head 1 to the recording medium 9 is in direction 
x of Fig. 2, the information reproduction is performed by 
use of the auxiliary beam 151 preceding the main beam 
1 2, and once it is determined that the recording track 1 1 
is blank, .e., has no information recorded thereon, the 
optical head 1 is controlled in such a manner that infor- 
mation recording is directly effected onto the recording 
track 11 by use of the main beam 12. If, however, it is 
determined that the recording track 1 1 has any informa- 
tion recorded thereon, the optical head 1 is controlled to 
sequentially jump to a next adjacent information record- 
ing track in search of a blank information recording track 
and to then record information on the searched-for blank 
track. The term "relative movement" of the optical head 
1 as used herein should be interpreted as referring to 
any of the cases where the recording medium 9 moves 
with the optical head 1 fixed in position, where the optical 
head 1 moves with the recording medium 9 f ixed in posi- 
tion and where both of the optical head 1 and recording 
medium 9 move. 

The auxiliary beam 152 succeeding the main beam 
12 is also used in information reproduction, but this 
reproduction is intended for verifying the propriety of the 
recorded information, i.e., whether the information hav- 
ing been newly recorded by use of the main beam 12 is 
correct or not. Of course, if the direction of the relative 
movement of the optical head 1 to the recording medium 
9 is made opposite to the direction x, the positional rela- 
tionship of the auxiliary beams 151 and 152 relative to 
the main beam 12 is reversed, and hence the functions 
of the beams 151 and 152 are inverted from the above- 
mentioned. 

In the optical head 1 as shown in Fig. 1, the main 
beam 1 2 and four auxiliary beams 1 41 , 1 42, 1 51 and 1 52 
converged and irradiated onto the recording medium 9 
are partially reflected from the medium 9 to backtrack to 
the objective lens 8, where the beams are restored into 
respective collimated light components. The cdlimated 
light components are then reflected through the beam 
splitter 7, narrowed by a light receiving lens 16, and then 
received by a light receiving unit 17 after having been 
imparted astigmatism. As shown in Fig. 4, for example, 
the light receiving unit 17 comprises four middle light 
receiving elements 17a, 17b, 17c and 17d provided in 
the middle of the unit 17 to receive the reflection of the 
main beam 1 2, side light receiving elements 1 7e and 1 7f 
to receive the reflection of the auxiliary beams 141 and 
142, and side light receiving elements I7g and 17h to 
receive the reflection of the auxiliary beams 151 and 152. 

Fig. 5 shows an example of a circuit 20 for process- 
ing output signals from the individual light receiving ele- 
ments. In the case where the astigmatism technique is 
employed, focusing control signal F is obtained as the 
output of a calculator 18 which performs an arithmetic 
operation of "(17a + 17c) - (17b + 17d)" on the output 



signals from the light receiving elements 17a, 17b, 17c 
and 17d. Where the three-beam technique is employed, 
tracking control signal T is obtained as the output of a 
calculator 19 which performs an arithmetic operation of 

5 "( 1 7e - 1 7f)" on the output signals from the light receiving 
elements 17e and 171 

A signal for determining whether a specific track of 
the recording medium 9 to be used for information 
recording is blank or not (i.e., whether a trackwhere infer- 
red mation is to be recorded is a blank area or not) is 
obtained on the basis of the output signal from the light 
receiving element 17g or 17h which receives the reflec- 
tion of the auxiliary beam 1 51 or 1 52. A signal for verify- 
ing whether the information recorded by use of the main 

is beam 12 is correct or not is also obtained on the basis 
of the output signal from the light receiving element 1 7g 
or 1 7h which receives the reflection of the auxiliary beam 
151 or 152. In the case where the relative movement of 
the optical head 1 to the recording medium 9 is in direc- 

20 tion x of Fig. 2, the output signal from the light receiving 
element 17g that receives the reflection of the auxiliary 
beam 151 is extracted as the "signal for determining 
whether a specific track of the recording medium 9 to be 
used for information recording is blank or not", and the 

25 output signal from the light receiving element 17h that 
receives the reflection of the auxiliary beam 152 is 
extracted as the "signal for verifying whether the infor- 
mation recorded by use of the main beam 12 is correct 
or not". On the other hand, where the relative movement 

30 of the optical head 1 to the recording medium 9 is in the 
direction opposite to direction x, the output signal from 
the light receiving element 17h that receives the reflec- 
tion of the auxiliary beam 1 52 is extracted as the "signal 
for determining whether a specific track of the recording 

35 medium 9 to be used for information recording is blank 
or not", and the output from the light receiving element 
1 7g that receives the reflection of the auxiliary beam 151 
is extracted as the "signal for verifying whether the infor- 
mation recorded by use of the main beam 12 is correct 

40 or not". 

Accordingly, in the circuit 20 of Fig. 5, the respective 
connecting states of the outputs of the light receiving ele- 
ments 1 7g and 1 7h are switched via switches S1 and S2 
in accordance with the direction of the relative recipro- 

45 eating movement to the recording medium 9, so as to 
obtain "signal A for determining whether a specific track 
of the recording medium 9 to be used for information 
recording is blank or not" and "signal B for verifying 
whether the information recorded by use of the main 

so beam 12 is correct or not". More specifically, where the 
relative movement of the optical head 1 to the recording 
medium 9 is in direction x of Fig. 2, the switches S1 and 
S2 are connected with contacts R1 and R2, respectively, 
so that the output signal from the light receiving element 

55 1 7g receiving the reflection of the auxiliary beam 1 51 is 
extracted as the "signal A for determining whether a spe- 
cific track of the recording medium 9 to be used for infor- 
mation recording is blank or not", and the output signal 
from the light receiving element 17h that receives the 
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reflection of the auxiliary beam 152 is extracted as the 
"signal B for verifying whether the information recorded 
by use of the main beam 12 is correct or not". On the 
other hand, where the relative movement of the optical 
head 1 to the recording medium 9 is in the direction oppo- 
site to direction x, the switches S1 and S2 are connected 
with contacts V1 and V2, respectively, so that the output 
signal from the light receiving element 17h is extracted 
as the signal A and the output signal from the light receiv- 
ing element 1 7g is extracted as the signal B. 

Whether a specific track of the recording medium 9 
is blank or not can be determined on the basis of the 
above-mentioned signal A, and whether the information 
recorded by use of the main beam 12 is correct or not 
can be verified on the basis of the above-mentioned sig- 
nal B. For example, information signals to be recorded 
onto the recording medium 9 may be stored in advance 
in memory so that the information signals are read out 
in synchronism with generation of the signal B for com- 
parison and collation. 

If digital information is to be recorded onto the 
recording medium 9, the converged light beam irradiated 
from the optical head 1 onto the recording medium 9 is, 
for example, set to power intensity "L1" when an infor- 
mation pit is to be recorded and set to lower power inten- 
sity "LO" when no information pit is to be recorded, as 
shown in Fig. 6. For example, the ratio of power intensity 
L1 to L2 is set at about 10:1. Thus, when an information 
pit is to be recorded, the power intensity of the converged 
light beam increases so that the intensity of the reflection 
from the recording medium 9 also increases, and con- 
sequently, there occurs an increase in the level of the 
determining and verifying signals A and B obtained by 
the circuit of Fig. 5. In this way, the level of the determin- 
ing and verifying signals A and B undesirably fluctuate 
due to presence and absence of information pit to be 
recorded. If nothing particular is done to deal with the 
level fluctuation of the signals A and B, it will not be pos- 
sible to accurately conduct the determination as to 
whether a specific track of the recording medium 9 to be 
used for information recording is blank or not, and the 
verification as to whether the recorded information is cor- 
rect or not. Only a small amount of fluctuation occurs in 
the output signals of the calculators 1 8 and 1 9 which are 
the focusing and tracking control signals, since they are 
both differential outputs. 

Fig. 7 is a block diagram illustrating the structure of 
an improved circuit which, even when the output signal 
levels of the light receiving elements 17g and 17h fluc- 
tuate due to presence and absence of information pit in 
the information signals to be recorded, is capable of can- 
celling the output signal level fluctuation to thereby accu- 
rately performing the determination as to whether a 
specific section of the recording medium 9 to be used for 
recording is blank or not and the verification as to 
whether the recorded information is correct or not. 

In the circuit of Fig. 7, each information signal to be 
recorded is applied to an input terminal 24 and fed to a 
branch amplifier 25, which generate output signals at 



outputs 26 and 27. The signal levels at the outputs 26 
and 27 rise when an information pit is to be recorded, but 
fall when no information pit is to be recorded. The output 
26 from the branch amplifier 25 is coupled to the optical 

5 head 1 to modulate the semiconductor laser 2 (Fig. 1). 
The convergent light beam 28 from the optical head 1 is 
irradiated onto the recording medium 9, so that the infor- 
mation to be recorded is recorded in the form of informa- 
tion pits by the varying power intensity of the beam. At 

10 the same time, part of the irradiated light is reflected from 
the recording medium 9 to be received by the light receiv- 
ing unit 17. The output signals from the light receiving 
unit 1 7 are then input to the circuit 20 of Fig. 5, which in 
turn outputs the signals F, T, A and B as previously men- 

15 tioned. 

The signal A is applied to the plus (+) input of a dif- 
ferential amplifier 30, while the signal B is applied to the 
plus (+) input of a differential amplifier 31 . The other out- 
put from the branch amplifier 25 is applied to the respec- 

20 tive minus (-) inputs of the differential amplifiers 30 and 
31. Accordingly, in the differential amplifiers 30 and 31, 
the level of the output 27 is subtracted from the respec- 
tive levels of the signals A and B. Thus, the level of the 
output signal 27 from the branch amplifier 25 varies in 

25 accordance with presence and absence of pit informa- 
tion in the information signals to be recorded, so that the 
minus input signal levels of the differential amplifiers 30 
and 31 vary in accordance with presence and absence 
of pit information in the information signals to be 

30 recorded. In this manner, the levels of the determining 
and verifying signals A and B are each differentially 
amplified by the information signals to be recorded, so 
that the level fluctuation is cancelled by the information 
signal to be recorded. As the result, the differential ampli- 

35 f ier 30 can provide signal A f which allows an accurate 
determination as to whether an information recording 
track being currently accessed by the optical head 1 is 
blankor not. Also, the differential amplifier 31 can provide 
reproduction signal B' which is an accurate reproduction 

40 of the information having been just written into an infor- 
mation recording track being currently accessed by the 
optical head 1. 

The output signal A' from the differential amplifier 30 
is fed to a determination circuit 29, which performs a pre- 

45 determined determination process on the basis of the 
signal A*. For example, if the level of the signal A' corre- 
sponds to a predetermined non-blank level, the determi- 
nation circuit 29 determines that the recording track is 
not blank; otherwise, the determination circuit 29 deter- 

so mines that the recording track is blank. Necessary 
processing may be performed depending on the deter- 
mination output signal from the determination signal 29. 
For example, if the determination circuit 29 determines 
that the recording track is blank, the information record- 

55 ing onto the track is continued, but if the determination 
circuit 29 determines that the recording track is not blank, 
the optical head 1 is caused to access another informa- 
tion recording track, and so on. 
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In the example of Fig. 7, the output signal 27 from 
the branch amplifier 25 is given to a delay circuit 32 which 
stores the original signal of information to be recorded 
and delayedly outputs the same in synchronism with the 
timing of the reproduction signal B*. This output (original 
signal of information to be recorded) from the delay cir- 
cuit 32 and the reproduction signal B' output from the 
differential amplifier 31 are fed to a comparator 33, where 
a comparison and collation are made to determine 
whether the two signals are coincident with each other. 
From the resultant output signal from the comparator 33, 
it is possible to promptly verify whether the information 
having just been recorded on the recording medium 9 is 
correct or not. That is, where the output signal from the 
comparator 33 indicates "non-coincident", it is deter- 
mined that there has been a recording error, and any suit- 
able processes may be performed such as display of the 
error and re-recording of the information. 

While the description has been made in connection 
with a case where the astigmatism technique is 
employed for focusing, any other suitable technique may 
be applied for that purpose, such as the known "knife 
edge", "critical angle", or "edge mirror" technique (see, 
for example, Japanese Patent Laid-open Publication No. 
HEI 3-142720). 

Further, while the description has been made in con- 
nection with a case where the three-beam technique is 
employed for tracking, the well-known push-pull tech- 
nique may be applied for that purpose. In the case where 
the push-pull technique is applied, it is only sufficient that 
the skew angle between the two straight lines 131 and 
1 32 be set at 8p rather than 0t in such a manner that the 
auxiliary beams 141 and 142 are irradiated onto the 
center of the respective guide tracks 1 0 and the reflection 
of either of the beams 141 and 142 is received by either 
of the light receiving elements 1 7e and 1 7f, and also that 
the light receiving element 1 7e or 1 7f be divided into two 
element halves so as to extract a differential output 
between the respective outputs from the element halves. 
For example, where the reflection of the auxiliary beam 
141 is received by the light receiving element 17e, the 
element 17e may be divided into two element halves 
1 7e1 and 1 7e2 as shown in Fig. 9 in such a manner that 
the respective outputs from the element halves 1 7e1 and 
1 7e2 are supplied to the differential amplifier 19. The dif- 
ferential amplifier 1 9, in turn, performs a differential oper- 
ation of "17e1 - 17e2" to outputthe tracking control signal 
T. In this case, the other light receiving element 1 7f is not 
used. If, on the other hand, the reflection of the auxiliary 
beam 142 is received by the light receiving element 17f, 
the element 1 7f may be divided into two element halves 
to ultimately obtain the tracking control signal T. In this 
case, the other light receiving element 17e is not used. 

The diffraction grating structure 6 for the optical 
head may be other than the one comprising two glass 
plates 61 and 62 each having a grating half as shown in 
Figs. 3a and 3b; for example, there may be employed 
two superposed conventional diffraction gratings each 
having grating grooves all over the surface thereof. 



Furthermore, although the above-described embod- 
iment, in order to form plural auxiliary beams distributed 
on two straight lines traversing a single main beam, 
employs a single light source and a diffraction grating 

5 structure comprising two gratings which have different 
grating groove intervals and are positioned at a prede- 
termined angle with respect to each other, these compo- 
nents may be replaced with a multibeam laser provided 
with a plurality of light sources. The recording medium 9 

10 for use in the present invention may of course be other 
than the optical card as mentioned, such as a disk-type 
or any other type recording medium. It should also be 
understood that the recording medium 9 may be the 
rewritable-type rather than the write-once type. 

is As has so far been described, the present invention 
is characterized in that, when the recording light beam 
accesses a track for recording, a reproducing light beam 
is irradiated onto the same track before the recording 
light beam so that whether or not the track to be used for 

20 recording is a blank area is determined on the basis of 
a reproduction signal resulting from the reproducing light 
beam irradiation. With this feature, it is allowed to 
promptly determine whether a track to be used for 
recording is a blank area with no need to read out track 

25 information registered in a directory area. 

The present invention is also characterized in that 
whether or not information has been properly recorded 
on the track is verified on the basis of the reproduction 
signal resulting from the reproducing light beam irradia- 

30 tion. With this feature, whether the information having 
just been recorded is correct or not can be immediately 
verified, and thus it is not necessary for the optical head 
to make a reciprocating (forward/backward) movement 
relative to the same track for recording and reproduction 

35 (verification). Namely, in a single reciprocating move- 
ment of the optical head relative to the recording 
medium, recording and reproduction (verification) for 
one track can be performed during the forward travel , and 
recording and reproduction (verification) for another 

40 track can be performed during the backward travel. This 
achieves enhanced recording efficiency and can shorten 
the total time necessary for recording. In addition, 
because the reproduction for verifying the recorded infor- 
mation is done in the forward direction, there is no need 

45 to provide a circuit etc. for reversing the time series of 
reproduced information or information to be recorded. 
Such features achieve simplified structure, reduced size, 
economized cost and increased operational speed of the 
device. 

50 

Claims 

1. An optical information recording device comprising 
means (1) for irradiating a recording light beam (12) 
55 onto a track (1 1 ) where information is to be recorded, 
characterized in that said device further comprises: 
means (1) for irradiating a reproducing light 
beam (151; 152) onto said track (11) before the 
recording light beam (12); and 
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means (20, 29, 30) for, on the basis of a repro- 
duction signal resulting from irradiation onto said 
track (1 1 ) of the reproducing light beam (1 51 ; 1 52), 
determining whether said track (1 1) is a blank area 
having no information recorded thereon. 5 

2. An optical information recording device comprising 
means (1) for irradiating a recording light beam (12) 
onto atrack(1 1) where information is to be recorded, 
characterized in that said device further comprises: 10 

means (1) for irradiating a reproducing light 
beam (152; 151) onto said track (11) after the 
recording light beam (12); and 

means (20, 31 , 32, 33) for, on the basis of a 
reproduction signal resulting from irradiation onto is 
said track (1 1) of the reproducing light beam (152; 

151) , verifying propriety of information recorded on 
said track (1 1) by use of the recording light beam 
(12). 

20 

3. An optical information recording device comprising 
means (1) for irradiating a recording light beam (12) 
onto a track (1 1 ) where information is to be recorded, 
characterized in that said device further comprises: 

means (1) for irradiating a first reproducing 25 
light beam (1 51 ; 1 52) onto said track (1 1 ) before the 
recording light beam (12); 

means (20, 29, 30) for, on the basis of a repro- 
duction signal resulting from irradiation onto said 
track (1 1) of the first reproducing light beam (151 ; 30 

152) , determining whether said track (1 1) is a blank 
area having no information recorded thereon; 

means (1) for irradiating a second reproduc- 
ing light beam (152; 151) onto said track (11) after 
the recording light beam (12); and 35 

means (20, 31 , 32, 33) for, on the basis of a 
reproduction signal resulting from irradiation onto 
said track (1 1 ) of the second reproducing light beam 
(152; 151), verifying propriety of information 
recorded on said track (1 1) by use of the recording 40 
light beam (12). 

4. An optical information recording device as defined 
in any one of claims 1 - 3 which further comprises a 
laser light source (2), and diffraction grating means as 
(6) for dividing laser light generated by said laser 
light source (2) into a main beam to be used as said 
recording light beam (12) and one or more auxiliary 
beams to be used as said reproducing light beam 
(151; 152). so 

5. An optical information recording device as defined 
in claim 4 wherein said diffraction grating means (6) 
further forms one or more tracking auxiliary beams 
(141 ; 1 42) on the basis of the laser light generated ss 
by said laser light source (2). 

6. An optical information recording device as defined 
in claim 5 wherein said diffraction grating means (6) 



comprises a diffraction grating structure including 
two gratings (61, 62) that are different from each 
other in grating groove interval and are provided at 
a predetermined angle with respect to each other, 
and wherein the auxiliary beam to be used as said 
reproducing light beam (151 ; 152) is positioned on 
one of two imaginary straight lines crossing each 
other at a predetermined angle and the tracking aux- 
iliary beam (141 ; 142) is positioned on the other of 
the two imaginary straight lines. 

7. An optical information recording device as defined 
in claim 4 which further comprises means for, in 
accordance with information to be recorded, modu- 
lating power intensity of the laser light generated by 
said laser light source, and means (30; 31) for dif- 
ferentially amplifying said reproduction signal in 
accordance with the information to be recorded so 
as to perform control to cancel level fluctuation of 
said reproduction signal. 

8. An optical information recording device as defined 
in any one of claims 1 - 3 wherein a plurality of said 
laser light sources are provided so as to generate 
said recording light beam and said reproducing light 
beam independently of each other. 

9. An optical information recording device as defined 
in claim 1 , 2, 3, 4 or 8 wherein two said reproducing 
light beams (151, 152; 141, 142) are positioned on 
both sides of said recording light beam (12) along a 
direction where said track extends, and use of the 
reproducing light beams (151, 152; 141, 142) is 
switched depending on a travelling direction of said 
beams relative to said track (1 1). 

1 0. An optical information recording method comprising 
the step of irradiating a recording light beam (12) 
onto a track (1 1 ) where information is to be recorded, 
characterized in that said method further comprises 
the steps of: 

irradiating a reproducing light beam (151; 
152) onto said track (11) before the recording light 
beam (12); 

on the basis of a reproduction signal (A) 
resulting from irradiation onto said track (1 1) of the 
reproducing light beam (151; 152), determining 
whether said track (1 1) is a blank area having no 
information recorded thereon; and 

recording the information onto said track (1 1) 
by use of said recording light beam (12) when it is 
determined in the step of determining that said track 
(1 1) is a blank area, but causing said recording light 
beam (12) to access another track when it is deter- 
mined in the step of determining that said track (11) 
is not a blank area. 

1 1. An optical information recording method comprising 
the step of irradiating a recording light beam (12) 
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onto a track (1 1 ) where information is to be recorded, 
characterized in that said method further comprises 
the steps of: 

irradiating a reproducing light beam (152; 
151) onto said trade (11) after the recording light 5 
beam (12); 

on the basis of a reproduction signal (B) 
resulting from irradiation onto said track (1 1) of the 
reproducing light beam (152; 151), verifying propri- 
ety of information recorded on said track (1 1) by use w 
of the recording light beam (12); and 

re-recording the information when it is deter- 
mined in the step of determining that the information 
recorded on said track is improper. 
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